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(57) ABSTRACT

A redundant level measuring system comprises a chamber
for fluidic coupling to a process vessel whereby material
level in the vessel equalizes with material level 1n the
chamber. A float including a magnet 1n the chamber rises and
talls with matenial level in the chamber. A magnet actuated
visual indicator 1s mounted to the chamber for indicating
level of the magnet 1n the chamber. A measurement 1nstru-
ment includes an antenna and a measurement circuit. The
instrument 1s mounted atop the chamber with the antenna
extending downwardly into the chamber. The measurement
circuit measures time of flight of a through air signal
representing level of the material 1n the chamber. A shield in
the chamber 1solates the float from the antenna.

19 Claims, 8 Drawing Sheets

rrrrr

oy
’m

H

]

O Wb oo T |

34

;

i

i

E

;

E

i

E

5

|

y ‘;
A j/ﬂuf



US 9,557,205 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

7,102,584 B2* 9/2006 Janitch et al. .............. 73/290 R
2002/0126273 Al* 9/2002 Carsellaetal. ............ 356/73.1
2008/0210003 Al* 9/2008 Schulz ........................ 73/200 V
2010/0123615 A1* 5/2010 Fehrenbach ........... HO1Q 19/08
342/124

* cited by examiner



iy o g i
iy vy
s
S LY
s, o
oy S S, e S . . T T i3
Ty, Jey, Doy oy T, T, Tk
e 4 e e e s
I A ] . ula. ':-"-'-

-omor o
T _-

o .
.- .M."iw.l‘.ﬁ".i'.r.i-!‘._‘_q o _
- L. L £ g b

. e »

!I. .
7
[
‘ .
L7 . Ry
L r p
3 {3‘3
-F 0 - . II*
i' L Ll r
"‘.-"-:u."«;' P w . . L ]
X Ty . e ¥ ,..h.,-'«'- i . ) |
i-'._ P bt - e, o, . o ' [
y - L ‘.hl . q N - ; Iy . b " . . _ i
.‘_...." . . LMy, . - .:_'. ' Dy e L W
?‘ﬂr ' e B . et . L 4‘_.'. . L ..'-"1 - hyr -, )
::': ' t e I"'h-“ ot L : #:," _‘,__":' , . ':' 1-Lq,lpt. ;__
N : ;.‘;' e . "t._-- ' N ny L] N 'l._'.'_ #". -’1-‘-;; : - - o '.,'
e ' ::T'._.. ) :‘.' ' a "I.."I L Lyt a4 "l""-':l' ! :lh‘. " \ .'fr i '
i.-_' e B iy - P vl . Y. tiTet o - - ’ .:ﬂ‘ |‘- _I i iy -
::'-‘. e -.‘_-' " -, . - .,?: B "-:I "'._ . "H-'rﬁ-:'." .
Lowttai T 0 e T e NI ’
.t - ST N h v - N, LR o " .
- ﬂ__. 'd _:h B » . e ;_- , . —— i M e .1... ; * ] :-
. i-, c o E. . | e ?,- . ; - ':.: . P h - e -_u._ _;l_r
- w - il :;' - -ty " M, . o , , .y - L
_1"."'. ey ] i o = e LR .
- 2 . T . . ,
w o~ " * bl " * - - e * ol
. ) . . . L -
;’... “:h — - . ot : " , i nF .
Los k .om "y R W T
o x - - . . - . o .
- e aal - L * . e - B A
i..__q:l- - . o i I|'|- v I"I-. _F ..,Il-
;.' .. i T .‘ :"l""-' CL o, - g
RN : ' A R
% 5._..:1-‘I." '_'h.' - T .
. ﬁ_l-__'., 1 Lt )
3:5:' ) ; Jai : A
. J S
3 e
. I
< R
g
L ¥
“1‘._ ; 1\"‘-'... .
- . FEE
t f.‘!'qﬁlgaf'-.. "
i e .
e WL
- .
; % bl
. tl _rh ‘i ol ks ks b e .
}-?h- .-: ot
I
NI
b .
g
ooy
-
#.07 "'l-l" |
I T N
£
4 _ rho.
N e
1 - oo L
. -
o0 | 3
' £ wm
R
ﬁ- 0 -'|.
'l".r :!'t. o
Y
e
o) ; \
#o
prp
oL

#



US 9,557,205 B2

Sheet 2 of 8

Jan. 31, 2017

U.S. Patent

...............................

I S -
..qliagtl O A N T A A N O O
. -

N T N

YIS - afasetetc i) fur' il waa A r.mw,llrni. ; 1
L. -
X, i
e .”..iiixf_ﬂ.t.ﬁiﬁﬁi.\.!iiiiﬂtﬂti. (- -
5
Fi
o
“ e ———— o
¥
¥
¥
¥
M -
M | N AR e R
P o 2
ﬁ. , MMM E ek A . it : T
- ‘.‘-‘-l"-.“-t“-‘ ot - - ] y ) a4 " l. NNNNNNN ) I.- - -.--. LR S N L R TR, B | 3 -.. "
IR o el A - . . a - H - T AT O T -
8 Su mbl e il - ek e el bl il Cilar o

=6
&4

.,x RN o
¥

_ . o Pl Sl N N F R S P R Py R P AT TN g R g e, Sl B Al R G Tl JF e R Wt el A R P g P o S g gk B e vl R Ry Rl R gt Tl el At B R A Rl P R R R By | P PP g e T R TR B S A R N R N L e e OF TR
B e el oy i A n-__.._.__... whol H ok g Pl Al P PPy AP A M A A A ey N Py P et N P AR AN Py g A st e, A ol i el PN il P el at Al A e ey ol

ERETTRETRRY

[y S SR T R T W TR N o
o B St AR

[ Jh.'-mm_m_h .I
- e
..




US 9,557,205 B2

Sheet 3 of 8

Jan. 31, 2017

U.S. Patent

e S,
uu_ .__15-. .- - e C e
_____.__- 5 g . A W A P e B e T T S g g g e g Do el gt Do D U L g gl il ..I.._!_.lln.w
s RO N I R N e L e e e P ) St s s et ey
", ot o Pl i o P ol o ol S o o i O i ol o o A A A WA A o ﬁﬂ Hu. \
..__.___.l L uH ¥ g sl ., >,
1 . - H L - L - 2 ! il e PPLAPPY iy H M H + " . ! I I T A R I N N R A N I P up e E, - & I i oL L i L oo e it e L . -- ekt . . .
. Tt D e AR AR f.inil.ii“ﬁ{unrl.i“!rifw\f.ﬁ.ihu\h.:....1.1.1..31.:...1..1.1.1._1..1‘.1.%.1_1..._....._...1..._......._-..._-..._....._-._1..__.1_1._1.1“1.”1.1.“1...1..1.1..1...1.1.1.1._... ...... ) M_
u.t.h...-.h...q..-..:...-..-..i.t..l..-.._-..l.l...-.h..l. .|.|...1..|..__....|...l...-_...i.h_..-..I. FEFEYRMEE MR W W T T T T T T T ]
[ .o 1.'.‘..1...'.!.‘.‘.‘ti‘i““**‘*i‘-‘t*‘.t1:.1... 1
T —————————————————— L e i I_Hl_.l.l-.al_..l_.l.l_..l‘-.lnl‘...l‘..l-lﬂlﬁ.ln...-lrll.-lrlﬂll..-l.lﬁ.l.-lrl\.-l-lﬁ.-!ri. .—1
. . .. i .
oyl - r
.- o : . T LTSN Wt e g s e N e e s g e S e e e e 3 e s Bk e W A e e i
g - T ﬁ
MU. , 1.“!.. s e T o .,.".f;n.""-_qul..fr._lff..u..f&.lwt o .._..
e SR - T e T e e e T T e e e e : |ﬁi15\¥\1%i§%§%%$‘1§1§1 -

s
A e
) o

o e

4 A memm ik im

&

ettt vl i ko

£
E

I
“-
m”.

..'...‘. - e e e e e e o ... ....||.1|

.....

4

&

5

-

o

7
¢
\EL,

iy, 1,

! - ! l.“.l.ﬂ.t-..'- - ' Y t
SR A Hﬂ .Uf U v,
gt o L e o __..-_1
s 3 ”
£ -‘ E E
) “ ﬂ.— .-_..-_.
...*.. .
Ly m”
L1 ..h..u
- ..
D
,
S
s araraa e mi ol wisaar v ALk
rete s g 0 .__." - s
el o EEE :.‘ LE N W N g g g g )

L,
A . - - .o s -
N—.-.l..\..l..i...t. . e alt A A P ot AT

il L _l..-..l. ¥ .. ........l.ll.l..l.l.ll.l.l.l.l.l:l:l:l..r._l:l.ll.r -
B 68 8 B 8 b b R b HD 5 P D AR ._“

A A A A - __E
A I )

= A4

<A

iy

- AL

r
e |
ity

Y
Ny 0
Ty I

k

I
&

|
]

oy




U.S. Patent

L M P W,

Jan. 31, 2017

Sheet 4 of 8

k% bWk hW kR

-

[N

- 'f'”;m# .....

L i G

el T
S el LT Tl e SR | 2
P | P, A a=
q ! i . -
T wr - Cat
- 1 . rr“_ -I .-:' . 1‘
Wk .:1- ! -, P -
- L L uE .-I -.J;
"‘. . Pt [ L]
b S T - o
. .f %" -
. . ) ' s
ol o o o
P o L
- n .

‘\.“"l.“‘l.“"l—“"l-':& TirAAd s

|||||

3y

-4 -
r

b

"
el ol ol sl .l ol ol o e mhel Bl B 1

5
P N e g P
=== =

o R R R R e
L] rr T

Srreas

ﬂ"-ﬂ-’-ﬂ'ﬂ'

=T

gy

T

Ce e Ce e T .-
- . . Fon C- e e e e e .

W APt A e T A e e ot #_frﬁ_ﬁ e R e R e e L b B R B A
. .

'r‘.J'.-I-!';“.J-F.-*.-I:

-------------

...................

T e i e e P e T, e e, B

..--. :'_.'.'
- .‘
"' . e |} ; i

B Ll - el

-

b b

A o

4 11 & 0"

US 9,557,205 B2



US 9,557,205 B2

Sheet 5 of 8

Jan. 31, 2017

U.S. Patent

F1g. 8

T el A B A
Foalt aR R gttt O ot et o o

A U i Al A i R
Tl ol ol ol ol i kXA
Wkl sl el il ki ol wl wl b ol ol wul wl l l

P,

i e e o -
. Ilhih.ﬁk“‘hh.“‘.‘lknl-nihk.‘.t

TR TM TR TR ey e S s e T

T T W e g P 0, =

VN R R R R e '
I - 3
RS EEEEEL - 1 ‘
- e e e A £
L e g i e e e I e e g g e - A4 &
o 4 ; “.“ .m
~ EEENL £
: m.v“v“m._. '
4
et F
£ ALAETRS
AR E
FEF
g
—at AR
- ]
]

=
P A

g g ok il

o Ll ah o ke e v
S

Pt ol gl e [Tyt
A e e o w e - : = =
" e/ 1............1.-.1 ] .-u..-IL‘L Fos A

i

AR,
o

e e e i T

lllllllll

e

rous

e i P P e g o W
. PR
skt VAT T b
mhiﬁ‘!‘!‘wuu!"d;t
X e
. ‘:W"— =T
nm

h'.

T

""'“'I"":"" rn-

Vo ik gl P

» LR

L N e N

- 100

- s .a.m-q-:-l

i A e

o o s s B oo T B Tin T
il ek let ekl Sa ok e

o AP S vl

R




U.S. Patent

Fig.

-

A E A bwinre e i, R
L] . : a Hal | . " Ty
-

g

Sy *. s

e .
1"’-" ,.P‘ -'\-n:'l'

B
NI

o LT
FaiL
N

lr.-t....___...__.#'__,'.f..

-

W

- xl
.,,':C.r

A o A 4 A A R,

il U i gyl g
o+

'
-t ol
'

-

sttt alnin, o

y
4

)
525

Jan. 31, 2017

e 7 T T T T T TR T T
R R RO R YR

-i _‘.af'.' i ‘f:';-‘:ﬁ: “'-f A
S F

ey ey - A Ay

e R Can

"-.-.-.-'l:?h_"n"‘h'-'-_ l!v.n-..-L- ;

Sheet 6 of 8

7
1
L

A -
AN ﬂ?’l‘- S -t".
!.r. _ .
N '

5 e
T

g A
NN

-1.__‘__‘_ :

priasaa Al S o N ¥ h 8
!i_llllll_l, NP : i .
I D '

b T B R TS R Fr e WP Ty W L T
Fraaia B 5

F ] + % 7 F FAR LT 4 -

e T gl A -, -
o

+

w7 . L

oY
3

e TN ] i

.',;_4’."-‘5-:. . '-.'."'",:. - ’”‘b’*q. .

US 9,557,205 B2

o o

e o ommem b ok o A
TR
5,

1_#'_"-

= e e b i e i wh iR i




US 9,557,205 B2

Sheet 7 of 8

Jan. 31, 2017

U.S. Patent

........ o ¥
Hﬂ'.u._.t........_...._...t..\.ﬁ..\._._qt..ﬂ... .. SR
L b i L T o .H_vw .

IR unmw._,“
st

H....uﬂnvb.hi_ . Lm -
i

P : ..
-....-t-..i...l..l.ﬁ.lr].i. 2. .- Pl 4 g a AN - .
. -...-.-...1..:!.“_«.1 A e W e el el Ty iy ' R e e sttt el s e dalndi iy
L T e R B K bttt o A o e e aan i e S o
- ...rﬁr_...Jl.l__.JlJll.-Jn....*ul.l.l... R O R R - Rl BB A Lrtereripier o o | 2 .
. R [ L [T e e e e e
' ' . ST T LT

- . '
e

- . ! gl gk e et ettt * A 2 .
o mp el A W - . L. A P s T
Al et . .. . ‘_1
SR - -

- . P -
5

[ r- =
A=

P Tosngy



U.S. Patent Jan. 31, 2017 Sheet 8 of 8 US 9,557,205 B2

Fig. 13

K R - : - g . .
| '_'!F'-_‘il'nﬂ’lfﬂ’lll h..-.nﬂ.wnt.u:r f-ﬁ'hﬁﬁfﬁﬁfﬂpﬁjaﬂq. _It:f\"-rf-_‘i"'rf-_ﬂ-"';‘!-'ﬂ w-mfj?gw\-qn-ﬂ.ﬁﬁf:&- H ) - )

, .
-re r-ﬁin;rﬂ w .
- - - - L} ) '
\ -

LR
¢ Ay
h B
T B
T Y N AP S L 6;"5'_" '_-i".f‘.fn.f-.r%‘ E

S S



US 9,557,205 B2

1
REDUNDANT LEVEL MEASURING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority of provisional application
No. 61/372,149 filed Aug. 10, 2010.

FEDERALLY SPONSORED R.
DEVELOPMENT

SEARCH OR

(L.

Not Applicable.

MICROFICHE/COPYRIGHT REFERENCE

Not Applicable.

FIELD OF THE INVENTION

This invention relates to a level measuring system and,
more particularly, to a redundant level measuring system.

BACKGROUND

Numerous technologies exist for measuring level of lig-
uids or solids 1n an industrial process environment. Among,
these are transmitters which measure the level and transmit
a signal representing actual level. The techniques for mea-
suring level include through air radar, guided wave radar,
magnetostrictive, capacitance and the like.

A magnetic level indicator 1s another type of commonly
used level sensing device. A magnetic level indicator, also
known as a tlipper gauge, 1s constructed of a chamber, a float
and a visual indicator. The chamber, also known as a cage,
1s essentially a pipe or similar device external to a process
tank or vessel which 1s usually mounted vertically and which
1s usually connected to the tank through two or more
horizontal pipes. One of the horizontal pipes 1s near the
bottom of the chamber and the other 1s near the top of the
cage. This arrangement allows the material level in the
chamber to equalize with the material level in the tank,
largely 1solating the cage from agitation, mixing or other
activities in the tank. The chamber, which 1s usually a
pressure vessel, can be 1solated from the tank using valves.
The float 1s sized and weighted for the specific gravity and

pressure of the application and contain magnets which
actuate a visual indicator on the outside of the chamber to

indicate level.

In certain applications 1t 1s desirable to transmit a level
signal to a remote device 1n addition to the local visual
indication of a magnetic level indicator. Currently, magnetic
level indicators are used with magnetostrictive transmuitters
or with a series of reed switches, either of which provides an
indication of continuous level which i1s redundant to the
primary visual indication provided by the magnetic level
indicator. Both the magnetostrictive and reed switch sensors
are located on and external to the chamber and are actuated
by the magnet placed inside the float in the chamber. A
significant drawback to these redundant systems is that the
float may fail, in which case both the primary visual and
secondary transmitter signals are lost.

The present mnvention 1s directed to overcoming one or
more of the problems discussed above 1n a novel and simple
mannet.

SUMMARY

In accordance with the invention, a redundant level mea-
suring system includes a through air measurement instru-
ment with an antenna mounted 1n the chamber.
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2

Broadly, there 1s disclosed herein a redundant level mea-
suring system comprising a chamber for fluidic coupling to
a process vessel whereby matenal level 1n the vessel equal-
1zes with material level 1in the chamber. A float including a
magnet 1n the chamber rises and falls with material level in
the chamber. A magnet actuated visual indicator 1s mounted
to the chamber for indicating level of the magnet in the
chamber. A measurement nstrument includes an antenna
and a measurement circuit. The mstrument 1s mounted atop
the chamber with the antenna extending downwardly into
the chamber. The measurement circuit measures time of
flight of a through air signal representing level of the
material in the chamber. A shield in the chamber 1solates the
float from the antenna.

In accordance with one aspect of the mnvention, a redun-
dant level measuring system comprises a chamber for fluid
coupling to a process vessel whereby material level in the
vessel equalizes with maternial level in the chamber. An
clongate partition 1n the chamber defines a float space and an
open space. A float including a magnet 1s 1 the chamber
float space for rising and failing with material level in the
chamber. A magnet actuated visual indicator 1s mounted to
the chamber for indicating level of the magnet 1n the
chamber. A through air measurement instrument includes an
antenna and a measurement circuit. The instrument 1s
mounted atop the chamber with the antenna directed down-
wardly to the chamber open space. The measurement circuit
generates and recerves a frequency signal using a radiating
clement supported proximate the antenna. The measurement
circuit measures level of the material 1n the chamber.

It 1s a feature of the invention that a body supports the
radiating element in the housing proximate the antenna for
rotation at any angular orientation.

It 1s another feature of the mvention that the body com-
prises a substrate rotatably mounted 1n the housing so that
the radiating element can be independently oriented relative
to a process vessel. The substrate may comprise a circuit
board.

It 1s a further feature of the invention that a feed bearing
1s attached to the body operatively engaging a feed end of
the antenna so that the body is free to rotate in the housing
guided by the antenna.

It 1s a further feature of the invention that the partition
physically 1solates the open space from the tloat.

It 1s yet another feature of the invention that the measure-
ment mstrument comprises a micropower impulse radar
instrument.

It 1s still another feature of the invention that the antenna
comprises an antenna horn.

It 1s still a further feature of the mnvention that the antenna
comprises a dielectric rod antenna and the radiating element
comprises a loop launcher.

It 1s still another feature of the invention that the radiating
clement comprises an oscillator circuit including micro strip
resonators.

There 1s disclosed 1n accordance with a further aspect of
the invention a redundant level measuring system compris-
ing a chamber for fluidic coupling to a process vessel
whereby material level 1n the vessel equalizes with material
level 1n the chamber. An elongate partition in the chamber
defines a float space and an open space. A float includes a
magnet in the chamber float space for rising and falling with
material level 1in the chamber. A magnet actuated visual
indicator 1s mounted to the chamber for indicating level of
the magnet in the chamber. A through air radar measurement
instrument includes a housing. An antenna 1s secured to the
housing. A process adaptor 1s associated with the antenna
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and the housing for securing the instrument to the chamber
to define a process seal and with the antenna directed to the
chamber open space. The control 1n the housing generates or
receives a high frequency signal. The control comprises an
clectromagnetic radiating element. A body supports the
radiating element proximate the antenna for rotation at any
angular orientation without eflecting the process seal.

Other features and advantages will be apparent from a
review ol the entire specification, including the appended
claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an elevation view of an exemplary redundant
level measuring system in accordance with the mvention
mounted to a process vessel;

FIG. 2 1s a perspective view of a redundant level mea-
suring system 1n accordance with a first embodiment of the
invention;

FIG. 3 1s a front elevation view of the measuring system
of FIG. 2;

FIG. 4 15 a side elevation view of the measuring system
of FIG. 2;

FIG. 5 1s an elevation view of a partition of the measuring
system of FIG. 2;

FIG. 6 1s a section view taken along the line 6-6 of FIG.
3;

FIG. 7 1s a sectional view taken along the line 7-7 of FIG.
4;

FIG. 8 1s an elevation view of the through air measure-
ment mstrument for the redundant level measuring system of
FIG. 2;

FIG. 9 15 a sectional view of the through air measurement
instrument of FIG. 8;

FIG. 10 1s an elevation view of an alternative through air
measurement mstrument for a redundant level measuring
system according to the invention;

FIG. 11 1s an elevation view of a further alternative
through air measurement instrument for a redundant level
measuring system according to the invention; and

FIGS. 12 and 13 illustrate ornientation patterns for elec-
trical and magnetic fields.

DETAILED DESCRIPTION

An exemplary redundant level measuring system 20 1in
accordance with the invention 1s shown in FIG. 1. The
redundant level measuring system 20 1s used for providing
redundant level measurement of a tank or vessel 22 having
a material 24, the level of which 1s to be sensed. The level
measuring system includes a chamber 26 for fluidic coupling,
to the vessel 22 via a first horizontal pipe 28 near the top of
the vessel 22 and a second horizontal pipe 30 near the
bottom of the vessel 22. The vessel 22 can be 1solated from
the chamber 26 using valves 32 in each of the top pipe 28
and the bottom pipe 30.

Referring to FIGS. 2-4, the chamber 26 comprises an
clongate pipe 34 having a top flange 36 and a bottom flange
38 to define an interior space 40, see FIGS. 6 and 7. A
bottom plate 42 1s secured to the bottom flange 38 to close
a bottom end of the interior space 40. A top plate 44 1s
secured to the top flange 36 to close the top of the interior
space 40. The described arrangement allows the material
level 1n the vessel 22 to equalize with the level i the
chamber 26 while largely 1solating the chamber 26 from
agitation, mixing or other activities in the vessel 22.
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4

In accordance with the invention, the redundant level
measuring system 20 comprises a magnetic level indicator
46 and a level transmitter 48.

Referring to FIG. 5, a partition 50 comprises a formed
metal plate having a center wall 52 connected to opposite
side walls 54 and 56. The partition 30 has a length corre-
sponding to length of the pipe 34. The partition 30 1s
received 1n the chamber interior space 40, see FIGS. 6 and
7, to define a float space 38 on one side of the partition 50
and an open space 60 on an opposite side of the partition 50.

The magnetic level indicator 46 includes a tloat 62, see
FIG. 7, 1n the chamber float space 58, and an external visual
indicator 64. The tloat 62 rides up and down 1n the chamber
26 with the surface of the material 24. The float 62 1s
typically hollow so that 1t rides freely on the surface of the
maternial 24. The tloat 62 may be made of stainless steel or
the like and houses a magnet 66 adapted to be positioned at
the surface of the material 24. As such, the float 62 1s also
referred to as a magnetic tloat. The float 62 1s sized and
weilghted for the specific gravity and pressure of the appli-
cation. The visual indicator 64 is strapped to the chamber 26
and 1s totally 1solated from the process material 24. The
visual indicator 64 includes rotating flags 68. Each tlag 68
contains an alignment magnet which reacts to the float
magnet 68 and protects against false actuation. With raising,
level, the flags 68 rotate, changing color. The flags 68 are
positioned alongside graduated markings 70 on the visual
indicator 64 to indicate level of a material 24.

The transmitter 48 comprises a through air radar mea-
surement mstrument. Such a transmitter may be as generally
described 1n Gard, Ser. No. 12/321,959, filed Jan. 27, 2009,
owned by the assignee of the present application, the speci-
fication of which 1s hereby incorporated by reference herein.

As described therein, the transmitter uses micro power
impulse radar (MIR) in conjunction with equivalent time
sampling (E'TS) and ultra-wideband (UWB) transceivers for
measuring a level using time domain reflectometry (TDR).
Particularly, the instrument uses through air radar for sens-
ing level. While the embodiments described herein relate to
an MIR level sensing apparatus, various aspects of the
invention may be used with other types of process control
instruments for measuring various process parameters, such
as a rangefinder, as will be apparent to those skilled in the
art.

The instrument 48 uses pulse-burst radar technology with
ETS circuitry. Short bursts of microwave energy are emitted
and subsequently reflected from a surface. The distance 1s
calculated by the equation

D=(velocity of EM propagation)*transit time(round
trip)/2.

Level 1s then calculated by applying a tank height value.
ETS 1s used to measure the high speed, low power electro-
magnetic (EM) energy. The high speed EM energy (1,000
ft/ds) 1s difhicult to measure over short distances and at the
resolutions required 1n the process control industry. ETS
captures the EM signals 1n real time (nanoseconds) and
reconstructs them 1n equivalent time (milliseconds), which
1s much easier to measure. E'TS 1s accomplished by scanning
the vessel to collect thousands of samples. The round trip
event on a 65 {t. tank takes only 133 nanoseconds 1n real
time. After 1t 1s reconstructed 1n equivalent time 1t measures
200 milliseconds.

The radar signal produced by the instrument 48 can
interact with the magnetic float. In accordance with the
invention, the partition 50 1s provided in the chamber for
isolating the magnetic tloat from the antenna.
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Referring particularly to FIGS. 8 and 9, the transmitter 48
includes a housing 80. The housing 80 comprises a base 82
and a cover 84 threaded to the base 82 to define an enclosed
space 86. The cover 84 has a top opening 88 closed by a
glass plate 90. A bottom of the base 82 includes a down-
wardly depending neck 92. The neck 92 is receivable in a
process adaptor 94. The process adapter 94 includes threads
95 and 1s generally cylindrical and connects to an antenna
housing 96 narrowing downwardly from the housing 80 to
a conical closed end 98. In the i1llustrated embodiment, the
process adapter 94 and antenna housing 96 comprise a
unitary structure.

An antenna 100 comprises an antenna horn 102 embedded
in potting compound 104 within the antenna housing 96 and
process adapter 94. The potting compound 104 also serves
to permanently and rigidly attach the process adaptor 94 to
the housing base 82. The antenna horn 102 includes an upper
feed end 106 that projects into the housing space 86.

A control 110 in the housing space 86 generates or
receives a high frequency signal, as described below. The
control 110 comprises a mounting bracket 112 fixedly
secured to the base 82 in any known manner. First and
second main circuit boards 114 and 116 are fixedly secured
to the bracket 112 using fasteners 118 and 120, respectively.
A bezel 122 1s secured in the housing. A rotating RF
transceiver circuit board 124 1s rotationally mounted relative
to the fixed mounting bracket 112, and thus antenna horn
102, and 1s electrically connected to the first main circuit
board 118 by a flexible cable 126.

An antenna feed bearing 128 extends downwardly from
the transceiver circuit board 124 and 1s sized to be telescopi-
cally received 1n the antenna horn feed end 106. The feed
bearing 128, and thus the transceiver circuit board 124, are
free to rotate about a vertical axis, guided by the antenna
horn 102.

The main circuit boards 114 and 116 include electrical
circuitry for supplying power to the control 110, and a
control circuit to provide measurement functions, display
control, configuration, general operation and the like for
sensing level and interfacing with other peripherals and
control equipment, as 1s well known to those skilled 1n the
art. The particular circuitry does not form part of the present
invention and 1s not described in detail herein.

The transceiver circuit board 124 contains the necessary
circuitry to produce a microwave signal, transmit the signal
to a liquid or other surface, receive and process the radar
return signal into a so-called avideo(@ wave form from
which the locations of the radar echoes can be determined.
In the illustrated embodiment of the invention, the main
circuitry generates and sends to the transceiver circuit board
124 control signals such as time varniable gain, window,
run/stop and end of ramp that control the radar scanming
process.

As described 1n the “959 application, a main oscillator
circuit generates a square wave. The main oscillator 1s a
crystal controlled oscillator with a typical frequency in the
3-5 MHz range. The frequency may be on the order of
3.6864 MHz. A divide-by-two circuit produces a pulse
repetition frequency of 1.8432 MHz. This 1s done to reduce
the power requirement in delay locked loop (DLL) logic
gates, A DLL timing circuit generates a precise, controlled
timing delay between two logic transitions, referred to as
transmit, or TX, pulse and receive, or RX, pulse. The
transitions are on the order of 0 to approximately 100
nanoseconds, according to the value of a ramp signal input
from a ramp generator. The delay lock loop 1n conjunction
with a sampling detector performs the function of equivalent
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time sampling on the transmitted RF signal in accordance
with previous, well known designs.

A transmit pulse generator and a receive pulse generator
are controlled by the DLL timing circuit and use a single
high-frequency switching transistor to generate a very fast,
less than one nanosecond, pulse to excite a harmonic oscil-
lator. The TX pulse creates the transmit pulse out the antenna
100 towards the radar target, such as a liqud level surface.
The RX pulse 1s delayed from the TX pulse by an amount
determined by the ramp generator and the DLL timing
circuit. The purpose of the RX pulse 1s to gate the sampling
detector and listen for TX pulses which have been reflected
by a distant target, and have returned to the antenna 100 after
a delay dependent on the target distance.

The harmonic oscillator represents a Colpitts oscillator
comprised of a high frequency HIFET and tuned wvia
microstrip resonators to oscillate at approximately 13 GHz
while being rich in second harmonic (26 GHz) content. It 1s
primarily the 26 GHz component that 1s transmitted. This
allows the use of smaller antennas which achieve smaller
radiated beam widths.

The antenna 100 1s not electrically connected to the circuit
124. Instead, the antenna 100 uses an antenna horn 102 that
1s placed over the oscillator transistor and microstrips of the
harmonic oscillator, as generally depicted in FIG. 9,
whereby the RF energy from the harmonic oscillator 1s
directly coupled into the antenna horn 102 after radiating
directly from the circuit elements themselves. As 1s appar-
ent, a wave guide could also be used with, or instead of, the
antenna horn 102.

The sampling detector comprises a microwave diode that
1s placed inside the antenna horn 102 proximate the har-
monic oscillator. TX pulses that are reflected by the liquid
surface are received by the antenna 100 and conducted to the
sampling diode where they are mixed and detected with the
delayed RX pulse to perform the equivalent time sampling
function. A preamp comprises a fixed gain stage to amplity
signal from the sampling detector. A variable gain bandpass
amplifier comprises a bandpass amplifier tuned to the fre-
quency of the video or down-converted signal which 1s a
result of the equivalent time sampling process. Also, the
amplifier provides a variable gain, as controlled by the signal
Atime variable gain(@. In radar, since the strength of echoes
decreases with increasing distance, a time variable gain
circuit 1s used to increase the gain of the receiver with
increasing distance from the transmitter to offset the effect of
diminishing radar signal strength with distance.

Thus, the circuitry on the transceiver circuit board 124
operates to generate the transmission signal and the signal 1s
launched directly from the transceiver circuit board 124. By
rotating the transceiver circuit board 124, the signal pattern
from the harmonic oscillator can be oriented. This allows the
assembly of the housing 80 and process adaptor 94 with the
antenna 100 to be mstalled in any rotational direction in the
chamber 26 simplitying the installation process. Also, the
RF signal 1s generated on the transceiver circuit board 124
directly into the antenna horn 102 without the need of
multiple mtermediate components. The bearing 128 allows
the transceiver circuit board 124 to rotate relative to the
housing 80.

In the illustrated embodiment of the invention, an elec-
tromagnetic radiating element comprises the transistor and
microstrip resonators of the harmonic oscillator. The mven-
tion 1s not limited to such radiating element, but could
alternatively use other elements, such as a loop launcher or
the like. Moreover, the characteristics of the propagation
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signal described herein are by way of example only. The
invention 1s not intended to be limited to any particular
frequency or wavelength.

Referring to FIG. 6, the top plate 44 includes a circular
opening 140 located above the chamber open space 60. A
collar 142 1s secured atop the top plate 44 surrounds the
opening 140. The collar includes internal threads 144 for
threadable receiving the process adaptor threads 95. As such,
the antenna 100 1s directed downwardly to the chamber open
space 60, as shown 1n FIG. 7.

The partition 50 physically 1solates the open space 60
from the float space 62. This prevents the instrument 48 from
sensing the float 62. Instead, the instrument 48 senses the
material level 1n a conventional manner.

Radar level devices exhibit predictable results when used
in standard, circular wave guides. Energy transmitted from
the antenna couples nicely to the mterior of the wave guide
and propagates smoothly until encountering an impedance
mismatch created by a medium with a significantly diflerent
dielectric. Measurement 1s complicated for non-contact
radar due to the use of the internal partition 30 resulting in
a non-standard wave guide as shown 1n FIG. 7. This 1rregu-
lar shape presents challenges to propagating microwave
energy with respect to proper polar alignment, propagation
velocity and propagation notes. The propagation of a micro-
wave signal imnvolves the transmission of the electrical (“E”)
and magnetic (“H”) fields. In practice, a receiver will tend to
respond to radar targets that lie in the E field plane more than
the H field plane, which are perpendicular to each other.
Proper alignment of the E and H fields optimize the appli-
cation by allowing optimum response to desired targets and
mimmal response to false targets. By using the rotating
transceiver circuit board 124, the ability to properly align the
H field 1s enhanced. This allows polar alignment while
leaving the antenna 100 and the transmitter housing 80 1n
place and unchanged 1n their onientation. Proper alignment
1s achueved when the radar signal propagates cleanly and
uniformly inside the open space 60 and does not produce
cancellations, ghosts, pulse distortions, etc., which can all be
side eflects of incorrect signal propagation in the wave
guide. As 1s apparent, the particular orientation will depend
on the size and shape of the wave guide.

The radiation pattern of a typical tank level radar includes
the so-called ‘E’ (electric) and “H” (magnetic) fields. These
ficlds are oriented at a right angle (90°) to each other.
However, the transmitter’s detector (receiver) responds to
the electric (E field) component of the signal.

When the radar scene 1s not symmetrical (uniform 1n all
directions), the orientation of the E field relative to the radar
scene gives rise to the “polarization” effect; that 1s, the
radar’s detected signal will vary as a function of the orien-
tation (polarization) of the E field relative to the object(s) in
the radar’s beam. In the case of a radar transmitter installed
in the chamber 26, one can see that the chamber 26 1s not
symmetrical. In the top view shown in FIG. 12, if the
transmitter 48 was oriented so that its E field 1s perpendicu-
lar to the walls 34 of the chamber 26 and the partition center
wall 52, there will be an undesirable “multipath™ eflect as a
result of the E field having two direct paths from the radar
transmitter, to the liquid surface and back. The first 1s the
direct reflection from the transmitter 48, to the surface and
back. The second would be from the transmitter, ofl either
the side wall 38 or the partition center wall 52 to the surface,
and then back to the transmitter 48. Because microwaves of
this frequency have wavelengths of only a couple inches or
less, there will be strong cancellation effects at certain liquud
levels due to the destructive efect of the delayed multipath
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signal subtracting from the direct reflected signal. The result
would be “nulls” or signal dropouts at several levels 1n the
chamber 26.

In the view shown 1n FIG. 13, the transce1ver circuit board
124 has been rotated no that the E field 1s no longer
perpendicular to any surfaces that are orthogonal to the
beam. When the E field 1s positioned as shown in FIG. 13,
the beam will “deflect”, or scatter, ofl the angled surfaces of
the chamber 26. As the beam scatters its retlected amplitude
to the transmitter 48 1s greatly attenuated. In this case the
strong multipath interferences in the {first case have been
avoided, and nulls in the signal strength will not be
observed. The signal amplitude retlected from the surface
will be much more uniform over the length of the chamber
26 and will not be subject to interterences and dropouts.

FIG. 10 illustrates another through air radar level trans-
mitter 148 which can be used as an alternative to that shown
in FIG. 9. Such a transmitter may be as generally described
in Janitch et al. U.S. Pat. No. 7,106,248, owned by the
assignee of the present application, the specification of
which 1s hereby incorporated by reference herein. The
transmitter 148 includes a control housing 150, an antenna
152 and a umiversal connector 154 for connecting the
antenna 152 to the housing 148. The antenna 152 comprises
a dielectric rod 156. A loop launcher 158 is located in the
connector 154. The universal connector 154 allows for the
loop launcher 158 to be rotated independently of the antenna
152 and the housing 150. Alternatively, the transmitter 148
may use a horn antenna 160, such as shown i FIG. 11.

As 1s apparent, other forms of though air transmitters may
be used 1n connection with the redundant level measurement
system 1n accordance with the mvention. For example, the
transmitter could instead be an ultrasound transmitter
including a source and a transducer, as 1s known.

As 1s apparent, the shape of the chamber may be different
from that shown. Likewise, the chamber may be connected
to the vessel by only one pipe. The vessel may be pressur-
1zed or nonpressurized. The present invention 1s not directed
to any particular tank or vessel configuration or chamber
configuration.

Thus, 1 accordance with the invention, there 1s provided
a redundant level measuring system comprising a through
air radar measuring transmitter and a magnetic level indi-
cator.

It will be appreciated by those skilled in the art that there
are many possible modifications to be made to the specific
forms of the features and components of the disclosed
embodiments while keeping within the spirit of the concepts
disclosed herein. Accordingly, no limitations to the specific
forms of the embodiments disclosed herein should be read
into the claims unless expressly recited in the claims.
Although a few embodiments have been described 1n detail
above, other modifications are possible. For example, the
logic flows depicted in the figures do not require the par-
ticular order shown, or sequential order, to achieve desirable
results. Other steps may be provided, or steps may be
climinated, from the described flows, and other components
may be added to, or removed from, the described systems.
Other embodiments may be within the scope of the follow-
ing claims.

The mvention claimed 1s:

1. A redundant level measuring system comprising:

a chamber for flmdic coupling to a process vessel
whereby material level 1n the vessel equalizes with
material level 1n the chamber:

an elongate partition 1n the chamber defining a tloat space
and an open space;
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a float including a magnet 1n the chamber tloat space for

rising and falling with matenial level 1in the chamber;

a magnet actuated visual indicator mounted to the cham-

ber for indicating level of the magnet 1n the chamber;

a through air measurement nstrument including a hous-

ing, an antenna mounted to the housing, a measurement
circuit 1n the housing including a radiating element, and
a body supporting the radiating element 1n the housing
proximate the antenna for rotation relative to the hous-
ing and the antenna, the instrument being mounted atop
the chamber with the antenna directed downwardly to
the chamber open space, and the measurement circuit
generating and receiving a frequency signal using the
radiating element, the measurement circuit measuring
level of the maternial 1n the chamber.

2. The redundant level measuring system of claim 1
turther comprising the body supporting the radiating ele-
ment 1n the housing proximate the antenna for rotation at any
angular orientation.

3. The redundant level measuring system of claim 2
wherein the body comprises a substrate rotatably mounted in
the housing so that the radiating element can be indepen-
dently oriented relative to a process vessel.

4. The redundant level measuring system of claim 3
wherein the substrate comprises a circuit board.

5. The redundant level measuring system of claim 2
turther comprising a feed bearing attached to the body
operatively engaging a feed end of the antenna so that the
body 1s Iree to rotate 1n the housing guided by the antenna.

6. The redundant level measuring system of claim 1
wherein the partition physically 1solates the open space from
the float.

7. The redundant level measuring system of claim 1
wherein the measurement nstrument comprises a micro
power impulse radar instrument.

8. The redundant level measuring system of claim 1
wherein the antenna comprises an antenna horn.

9. The redundant level measuring system of claim 1
wherein the antenna comprises a dielectric rod antenna and
the radiating element comprises a loop launcher.

10. The redundant level measuring system of claam 1
wherein the radiating element comprises an oscillator circuit
including microstrip resonators.

11. A redundant level measuring system comprising:

a chamber for fluidic coupling to a process vessel

whereby maternial level 1n the vessel equalizes with
material level in the chamber:
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an elongate partition in the chamber defining a float space
and an open space;

a tloat including a magnet in the chamber float space for
rising and falling with material level 1n the chamber;

a magnet actuated visual indicator mounted to the cham-
ber for indicating level of the magnet 1n the chamber;
and

a through air radar measurement instrument including a
housing; an antenna secured to the housing; a process
adapter associated with the antenna and the housing for
securing the instrument to the chamber to define a
process seal and with the antenna directed to the
chamber open space; a control 1n the housing for
generating or receiving a high frequency signal, the
control comprising an electromagnetic radiating ele-
ment; and a body supporting the radiating element
proximate the antenna for rotation at any angular
ortentation relative to the housing and the antenna
without affecting the process seal.

12. The redundant level measuring system of claim 11
wherein the body comprises a substrate rotatably mounted in
the housing so that the radiating element can be indepen-
dently oriented relative to a process vessel.

13. The redundant level measuring system of claim 12
wherein the substrate comprises a circuit board.

14. The redundant level measuring system of claim 11
further comprising a feed bearing attached to the body
operatively engaging a feed end of the antenna so that the
body 1s free to rotate 1n the housing guided by the antenna.

15. The redundant level measuring system of claim 11

wherein the partition physically 1solates the open space from
the float.

16. The redundant level measuring system of claim 11
wherein the measurement instrument comprises a micro
power impulse radar instrument.

17. The redundant level measuring system of claim 11
wherein the antenna comprises an antenna horn.

18. The redundant level measuring system of claim 11
wherein the antenna comprises a dielectric rod antenna and

the radiating element comprises a loop launcher.

19. The redundant level measuring system of claim 11
wherein the radiating element comprises an oscillator circuit
including microstrip resonators.
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